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Antioxidant compoundsAbstract In the present work, the response surface methodology (RSM) based on a central com-
posite rotatable design (CCRD), was used to determine optimum conditions for the extraction of
antioxidant compounds from Origanum vulgare leaves. Four process variables were evaluated at
three levels (31 experimental designs): methanol (70%, 80%, and 90%), the solute:solvent ratio
(1:5, 1:12.5, 1:20), the extraction time (4, 10, 16 h), and the solute particle size (20, 65, 110 micron).
Using RSM, a quadratic polynomial equation was obtained by multiple regression analysis for pre-
dicting optimization of the extraction protocol. Analysis of variance (ANOVA) was applied and the
signiﬁcant effect of the factors and their interactions were tested at 95% conﬁdence interval. The
antioxidant extract (AE) yield was signiﬁcantly inﬂuenced by solvent composition, solute to solvent
ratio, and time. The maximum AE was obtained at methanol (70%), liquid solid ratio (20), time
(16 h), and particle size (20 micron). Predicted values thus obtained were closer to the experimental
value indicating suitability of the model. Run 25 (methanol:water 70:30; solute:solvent 1:20;onance,
390 M. Majeed et al.extraction time 16 h and solute particle size 20) showed highest TP contents (18.75 mg/g of dry
material, measured as gallic acid equivalents) and DPPH radical scavenging activity (IC50
5.04 lg/mL). Results of the present study indicated good correlation between TP contents and
DPPH radical scavenging activity. Results of the study indicated that phenolic compounds are pow-
erful scavengers of free radical as demonstrated by a good correlation between TP contents and
DPPH radical scavenging activity.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The Origanum is one of the main genuses of the family
Lamiaceae and comprises more than 38 species of annual,
perennial and shrubby herbs, most of which are native to or
restricted to the eastern part of the Mediterranean area,
Europe, Asia and North Africa (Hussain et al., 2011). This
genus includes some important culinary herbs and medicinal
plants, including Origanum vulgare L. (common name ‘ore-
gano’) (Esen et al., 2007). The use of the O. vulgare plant for
the treatment of various diseases was in practice, being
antiseptic and stimulant (O¨zcan and Chalchat, 2009). Besides
their commercial importance, such plants have been used, for
long, as condiments and spices for foods like salads, soups,
sausages and meats (Hussain et al., 2011; Matsuura et al.,
2003). The antioxidant and other biological properties of the
Origanum extracts and essential oil have recently been of great
interest in both academia and food industries because of their
antioxidant and radical scavenging potentials (Hussain et al.,
2011; Matsuura et al., 2003).
Quantity and quality of plant extracts are dependent on
extraction protocol (Hussain et al., 2012; Sultana et al.,
2009). Many factors including type of solvent, the tempera-
ture, the pH, the number of extraction steps, liquid-to-solid
ratio and the particle size of the solute contribute to the efﬁ-
cacy of the extraction process (Mafart and Be´liard, 1992).
The extraction parameters selected must be ensured to com-
plete extraction of the compounds of interest, and it must
avoid their chemical modiﬁcation (Wu et al., 2011).
Extraction techniques are employed taking into account the
chemistry and uneven distribution of phenolic antioxidants
in the plant matrix. Depending upon the stability and nature
of the phenolic compounds different extracting solvent/proce-
dures are used for extraction purposes. Polar solvents like
methanol, ethanol are frequently employed for the recovery
of polyphenols from different plant matrices (Anwar et al.,
2009a; Sultana et al., 2007). However, a single solvent may
not be able to extract maximum phenolic compounds from
all types of plant materials. Combinations of aqueous-
organic solvents are more efﬁcient in recovering antioxidants
than corresponding pure solvents (Sultana et al., 2009).
In classical optimization experiments only one factor is
variable at a time and this method is called as one-factor-at-
a-time approach. This technique is tedious, expensive, consum-
ing and failed to elaborate the interaction effects between vari-
ables. Response surface methodology (RSM) is a useful
method to evaluate the effects of multiple factors and their
interactions on one or more response variables. RSM can
effectively be used to ﬁnd a combination of factor levels that
produce an optimum response. One of the main advantagesof this method is that it generally requires fewer experimental
runs than what is needed in traditional full factorial designs,
while providing statistically acceptable results (Silva et al.,
2007). It has been used for optimization of various food pro-
cessing methods such as milling, extraction, and fermentation
(Bas and Boyacı, 2007; Quanhong and Caili, 2005).
The objective of this study was to use the RSM approach to
optimize the conditions (solvent concentration, solute:solvent
ratio, extraction time and solute particle size) for the extraction
of antioxidant compounds from O. vulgare leaves and to mea-
sure total phenolic contents and free radical scavenging capac-
ity of obtained extracts.
2. Materials and methods
2.1. Collection of sample
Leaves of the Oreganum vulgare (O. vulgare) plant were col-
lected from the Gattwala Forest Park, Faisalabad, Pakistan.
The specimens were further identiﬁed and authenticated from
Dr. Muhammad Naeem, Department of Botany, Government
College University Faisalabad (Voucher No. 24953, University
of Agriculture Faisalabad, Pakistan). Samples were dried at
room temperature and ground into a semi powder using (LG
BL 999SP) and ﬁnally passed from the vibratory sieve shaker
(Octagon sieve (OCT-DIGITAL 4527-01) to gain different
mesh sizes (20, 65 and 110 micron). These samples were stored
in air tight polythene bags at 4 C for the extraction process.
2.2. Chemicals and reagents
Butylated hydroxytoluene (BHT), butylated hydroxyanisole
(BHA), 2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid
and Folin–Ciocalteu reagent were obtained from Sigma
Chemical Co. (St Louis, MO, USA). All other chemicals and
solvents used in this study were purchased from Merck
(Darmstadt, Germany), unless stated otherwise.
2.3. Optimization of parameters for extraction of bioactive
components
A protocol for the extraction of bioactive components from O.
vulgare leaves was established by response surface methodol-
ogy (RSM) which was employed to determine the best combi-
nation of variables for optimum extraction yield and
antioxidant activity. RSM was used to analyze the inﬂuence
of four extraction process variables, namely, the metha-
nol/water ratio, solute/solvent ratio, the extraction time, and
the solute particle size, on the yield of antioxidant extracts.
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of the protocol. Methanol/water ratio, solvent/solute ratio,
extraction time and solute particle size were varied in the
ranges 90:10, 80:20, 70:30; 1:5, 1:12.5, 1:20 (g/mL); 4, 10,
16 h; 20, 65, 110 micron, respectively, according to previous
work. The response variable used to build the model corre-
sponded to the yield (Y) of O. vulgare extracts that was
obtained in each experiment. The regression equation and
analysis of variance (ANOVA) were obtained using
MINITAB 11.12 software. ANOVA was used to summarize
the results obtained under all the experimental conditions.
Conﬁdence interval of 95% was set to test the signiﬁcant effect
of the factors and their interaction. The F statistic test was
used to evaluate whether the regression model was adequate
to describe the observed data. The percentage of variability
of the optimization parameter was analyzed by R squared
statistics. Additionally, the normal probability plots of the
residuals and the plots of the residuals versus the
predicted response were utilized to evaluate the adequacy of
the model.2.4. Preparation of antioxidant extracts
Antioxidant extracts were prepared using an orbital shaker
using all the combinations suggested by RSM. Ground sam-
ples were taken in 500 mL conical ﬂasks followed by the addi-
tion of solvent and the ﬂasks were put on an orbital shaker for
optimum hours. Then extracts were separated from solids by
ﬁltering through Whatman No. 1 ﬁlter paper. The extracts
were concentrated under reduced pressure using a rotary evap-
orator. Viscous extracts were stored at 4 C until testing and
analyzed (Hussain et al., 2012).
2.5. Determination of total phenolic (TP) contents
Amounts of TP from all the isolated extracts were assessed
using the Folin–Ciocalteu reagent, following the method
reported earlier (Hussain et al., 2012). Brieﬂy, 50 mg of crude
extract was mixed with 0.5 mL of Folin–Ciocalteu reagent and
7.5 mL deionized water. The mixture was kept at room tem-
perature for 10 min, and then 1.5 mL of 20% sodium carbon-
ate (w/v) was added. The mixture was heated in a water bath at
40 C for 20 min and then cooled in an ice bath. Absorbance
was measured at 755 nm using a spectrophotometer (Bio Tek
Instrument, Inc., VT, USA). Amounts of TP were calculated
using a gallic acid calibration curve (0.195–3.125 mg/mL)
(Fig. 1) and reported in mg/g of dry plant material, measured
as gallic acid equivalent (GAE).
2.6. DPPH radical scavenging assay
2,2-Diphenyl-1-picrylhydrazyl radical (DPPH) assay was car-
ried out to measure the free radical scavenging activity as
described previously (Hussain et al., 2008). O. vulgare extract
concentrations in methanol (1–100 lg/mL) were mixed with
an equal volume of 90 lM methanol solution of DPPH.
After a 30 min incubation period at room temperature, the
absorbance was read at 517 nm. Butylated hydroxyl toluene
(BHT) and butylated hydroxyl anisol (BHA) were used as
the positive control for comparison and 90 lMDPPH solutionwas taken as the blank. The percent scavenging was calculated
by the following formula;
Scavenging ð%Þ ¼ 100 ðAblank Asample=AblankÞ
where Ablank is the absorbance of the DPPH solution and
Asample is the absorbance of the extract solution. Extract con-
centration providing 50% scavenging (IC50) was calculated
from the graph-plotted inhibition percentage against extract
concentration.
2.7. Statistical analysis
Three different samples of O. vulgare were analyzed individu-
ally in triplicate. Data were reported as mean of six determina-
tions. Response surface methodology (RSM) was employed
with a central composite rotatable design (CCRD) to investi-
gate the effect of different solvent concentrations, time of
extraction, solute to solvent ratio and particle mesh size. The
experimental plan was designed and the results obtained were
analyzed using Minitab 11.12 (Minitab Inc., State College, PA,
USA) software to build and evaluate models and to plot the
contours and three dimensional (3D) response surface curves.
3. Results and discussion
3.1. Optimization
Response surface methodology (RSM) is a mathematical and
statistical technique which can be used to study and optimize
multivariable systems by ﬁnding the true relationship between
the response and the set of independent variables. In this study
four operational variables (solvent percentage, liquid solid
ratio, extraction time and particle size) were optimized for
maximum antioxidant extract (AE) yield by using RSM.
Table 1 shows the template of the central composite rotatable
design (CCRD). Initially, inﬂuential factors like solvent con-
centration, particle size, liquid solid ratio and extraction time
were investigated separately to determine the extraction yield.
By using RSM the AE yield varied from 5.32 to 14.65 g/100 g
(Table 3). The maximum AE yield was obtained at solvent
(70%), liquid solid ratio (20), time (16 h), and particle size
(20 micron).
Many reports are available in the previous literature
regarding the Response Surface Methodology. The results
highlighted the effects of different factors like solvent concen-
tration, particle size, liquid solid ratio and extraction time on
antioxidant component yields of some plant extracts.
(Badwaik et al., 2012; Radojkovic´ et al., 2012; Mukherjee
et al., 2012).
Table 2 shows the analysis of variance (ANOVA) results
based at 95% conﬁdence interval. Regression models were
evaluated by using F statistic and lack of ﬁt test however; R-
squared statistics was analyzed for the percentage of variability
of the optimization parameter. Normal probability plots of the
residuals and the plots of the residuals versus ﬁtted values were
used for the adequacy of the model (Fig. 1a and b). To check
the performance of the model, the predicted values were com-
pared with the experimentally observed values (Table 1).
Finally, surface plots were used to show how AE
yield (g/100 g) relates to two factors based on a model
equation.
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Figure 1 (a) Normal probability plot of the residuals for antioxidant extract yields. (b) Plot of residuals versus ﬁtted values for
antioxidant extract yields.
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ables, their interaction and regression coefﬁcients on the
response variables were analyzed as shown in Table 2. The
goodness of ﬁt of the model to justify its robustness was eval-
uated by the coefﬁcient of determination (R2).
By using experimental data (Table 1), second degree poly-
nomial model for the AE yield (g/100 g) was regressed and
obtained by using actual values of the predictors, Methanol
(A), Solute (B), Time (C), and Particle (D) (Fig. 2a–f)
AE yield ðg=100 gÞ ¼ 36:70 1:11Aþ 2:71Bþ 0:40C
 0:07Dþ 0:01A2  0:05B2  0:01C2
 0:01AB 0:01BC:3.2. Antioxidant activity
3.2.1. Total phenolics (TP) contents
Data regarding the effect of extraction parameters on the
amount of total phenolic contents are presented (Table 3).The amount of TP, extracted from O. vulgare ranged from
5.76 to 18.75 mg/g of dry plant material, measured as gallic
acid equivalent (GAE). Run 25 (methanol:water 70:30; solute:-
solvent 1:20; extraction time 16 h and solute particle size 20)
showed highest TP contents while run 31 (methanol:water
80:20; solute:solvent 1:5; extraction time 10 h and solute parti-
cle size 65) showed the lowest TP contents. The effects of
extraction parameters exercised signiﬁcant (P 6 0.05) effects
on the extraction of phenolic compounds from O. vulgare
leaves. The above results show that the higher TP contents
can be extracted from plant materials with solvents having
higher polarity. It is considered that the phenolic compounds
contribute to overall antioxidant activities of extracts
(Sultana et al., 2007). Several studies showed excellent linear
correlation between the ‘‘total phenolic content’’ and antioxi-
dant activity (Anwar et al., 2009b; Hussain et al., 2012;
Shahidi and Wanasundara, 1992). Methanol is efﬁcient and
most widely used to prepare the phenolic/antioxidant extracts
due to the fact that the methanol–water mixture has a
high dielectric constant/polarity and can be categorized as
Table 1 Experimental design for the extraction of antioxi-
dants from Origanum vulgare leaves using response surface
analysis.
Run Process variables
Ratio Ratio (g:mL) Extraction
time
Solute
particle
size
Methanol:Water Solute:Solvent (hours) (micron)
1 80:20 1:12.5 10 110
2 70:30 1:5 16 110
3 70:30 1:20 16 110
4 90:10 1:5 16 110
5 90:10 1:20 16 110
6 70:30 1:5 4 110
7 90:10 1:12.5 10 65
8 90:10 1:20 4 20
9 80:20 1:12.5 10 65
10 80:20 1:12.5 10 65
11 80:20 1:12.5 4 65
12 70:30 1:12.5 10 65
13 80:20 1:12.5 10 65
14 80:20 1:12.5 10 65
15 90:10 1:5 16 20
16 80:20 1:12.5 10 20
17 90:10 1:5 4 110
18 70:30 1:20 4 20
19 80:20 1:12.5 10 65
20 80:20 1:12.5 16 65
21 70:30 1:5 16 20
22 90:10 1:20 4 110
23 70:30 1:20 4 110
24 80:20 1:20 10 65
25 70:30 1:20 16 20
26 90:10 1:5 4 20
27 80:20 1:12.5 10 65
28 90:10 1:20 16 20
29 80:20 1:12.5 10 65
30 70:30 1:5 4 20
31 80:20 1:5 10 65
Table 2 Analysis of variance for response surface quadratic
model.
Source Degree of
freedom
Sum of
squares
Mean
square
F P-Value
Regression 14 194.74 13.91 35.79 0
Linear 4 140.83 35.21 90.57 0
Square 4 33.85 8.46 21.77 0
Interaction 6 20.06 3.34 8.60 0
Residual Error 16 6.22 0.39
Lack of ﬁt 10 5.80 0.58 8.38 0.009
Pure error 6 0.42 0.69
Total 30 200.96
CV = 0.62%, R2 = 0.97, R2Adj = 0.94, Predicted R
2 = 0.89.
Table 3 Total phenolic contents and DPPH free radical
scavenging activity of different Origanum vulgare extracts.
Run order Extract
yields (g/
100 g)
Total phenolic contents
(mg/g of dry plant
material, measured as
gallic acid equivalent)
DPPH
scavenging
IC50 (lg/
mL)
1 11.49 16.31 5.57
2 6.07 7.43 12.12
3 12.43 14.16 7.69
4 8.41 11.20 9.40
5 11.84 14.84 7.28
6 5.64 5.94 13.17
7 11.64 11.82 9.02
8 11.43 15.47 6.94
9 11.89 13.63 8.88
10 11.88 15.46 6.97
11 10.28 13.23 8.98
12 11.59 14.95 7.48
13 12.40 14.72 7.22
14 12.31 14.11 7.26
15 8.79 11.93 9.29
16 11.61 13.00 8.41
17 8.27 9.96 10.01
18 13.41 14.23 7.68
19 12.23 13.30 8.67
20 10.72 13.20 8.04
21 6.88 8.01 10.73
22 11.83 13.99 8.70
23 13.92 16.67 5.67
24 11.22 14.43 7.48
25 14.65 18.75 5.04
26 7.18 7.96 11.15
27 11.68 14.25 7.12
28 11.55 13.63 8.56
29 12.02 15.51 6.17
30 5.55 7.86 10.93
31 5.32 5.76 15.00
Mean
values
10.52 12.76 8.60
Median
values
11.59 13.63 8.41
Maximum
values
14.65 18.75 15.00
Minimum
values
5.32 5.76 5.04
Correlation
coeﬃcient
0.97
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2003; Sultana et al., 2007). The extraction protocol for the
preparation of antioxidant extracts has been found to be
the key factor toward the antioxidant performance of extracts.3.2.2. DPPH radical scavenging activity
Free radical scavenging capacity of O. vulgare extracts
increased in a concentration dependent manner (data not
shown) and the extract concentration providing 50% scav-
enging (IC50) is listed in Table 3. Overall all the O. vulgare
extracts showed excellent antioxidant activity ranging from
5.04 to 15.00 lg/mL. O. vulgare extracts obtained with run
25 showed the best radical scavenging activity with the
smallest IC50 value (5.04 lg/mL). However, run 31 showed
a relatively weaker free radical scavenging activity (IC50
value 15.00 lg/mL). The mean IC50 value of all the prepared
extracts was 8.41 lg/mL. The good correlation between total
phenolic contents and the IC50 value was found with a cor-
relation coefﬁcient 0.97 (Fig. 3). Generally extract samples
that contained more TP contents showed better radical
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Figure 2 (a) Response surface plot showing the effect of methanol and particle size on antioxidant extract yields. (b) Response surface
plot showing the effect of methanol and time on antioxidant extract yields. (c) Response surface plot showing the effect of methanol and
solute to solvent ratio on antioxidant extract yields. (d) Response surface plot showing the effect of time and particle size on antioxidant
extract yields. (e) Response surface plot showing the effect of solute to solvent ratio and particle size on antioxidant extract yields. (f)
Response surface plot showing the effect of solute to solvent ratio and time on antioxidant extract yields.
394 M. Majeed et al.scavenging activity (less IC50). When IC50 values were plot-
ted against TP contents, a linear regression curve was found
with an R2 value of 0.9325. The synthetic antioxidants, BHTand BHA showed good radical scavenging activity with IC50
values of 5.39 ± 0.26 and 5.35 ± 0.24 lg/mL, respectively
(data not shown).
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Figure 3 Linear regression line between total phenolic contents (TPC) and DPPH radical scavenging activity (IC50).
Extraction of antioxidant components from Origanum vulgare leaves 395The results of the present study indicated that phenolic
compounds are powerful scavengers of free radicals as demon-
strated by a good correlation between TPC and DPPH radical
scavenging activity. Some reports in the literature depicted the
strong correlation between TP contents and antioxidant activ-
ity. The antioxidant activity of essential oils and extracts may
be attributed to the presence of phenolic compounds (Hussain
et al., 2011; Sultana et al., 2007). There are some reports avail-
able in the recent literature on the antioxidant activity of O.
vulgare essential oils (Hussain et al., 2011).
4. Conclusion
The response surface methodology was successfully employed
to optimize the extraction of phenolic antioxidants from O.
vulgare leaves. The second-order polynomial model gave a sat-
isfactory description of the experimental data. An optimized
condition for maximum extraction of antioxidant extracts
was determined. Solvent ratio methanol, liquid solid ratio
and time were the most important factors affecting extraction
of phenolic compounds. Results of the present study indicated
the good correlation between total phenolic contents and
DPPH radical scavenging activity. This study can be useful
in the development of industrial extraction processes, includ-
ing further studies concerning the optimal number of sequen-
tial steps to enhance the efﬁcacy of a large-scale extraction
system.
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